
Physics 7450: Solid-State Transport Fall 2019

Homework 5

Due: 3:00 PM, Friday, November 22.

Problem 1 (Collisionless magnetotransport in two dimensions): In this problem, we will study the Hall
conductivity of two dimensional metals in the limit where there is no scattering – each quasiparticle only
moves in the background magnetic field along the Fermi surface. The tool we will use is Chambers’
formula:
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Here τ is a regulator; the limit τ →∞ must always be taken at the end of a calculation, and p(t) solves

dpi
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= −eBεijvj(p). (2)

with the boundary condition on the final time p(0) = p. In this problem, we take the low temperature
limit T → 0, so the Fermi surface is well defined.

Begin by assuming the Fermi surface consists of a single closed contour, as in the figure below. The
occupied electronic states are more darkly shaded.
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<latexit sha1_base64="FkFjwjsuxm8QffXGm7aiVSru4Ws=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC08LFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest08je40n</latexit><latexit sha1_base64="FkFjwjsuxm8QffXGm7aiVSru4Ws=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC08LFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest08je40n</latexit><latexit sha1_base64="FkFjwjsuxm8QffXGm7aiVSru4Ws=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC08LFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest08je40n</latexit><latexit sha1_base64="FkFjwjsuxm8QffXGm7aiVSru4Ws=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC08LFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest08je40n</latexit>

a
<latexit sha1_base64="FkFjwjsuxm8QffXGm7aiVSru4Ws=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC08LFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest08je40n</latexit><latexit sha1_base64="FkFjwjsuxm8QffXGm7aiVSru4Ws=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC08LFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest08je40n</latexit><latexit sha1_base64="FkFjwjsuxm8QffXGm7aiVSru4Ws=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC08LFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest08je40n</latexit><latexit sha1_base64="FkFjwjsuxm8QffXGm7aiVSru4Ws=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC08LFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest08je40n</latexit>

b
<latexit sha1_base64="e13XB+hd+azQqmE+jb/NnhDkAcM=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK1gWK4g+7Jedb0qRDZCNcd1cuLWvAsPOkbJUQErNIfl98EoJmlEhSYcK9V3UKL9DEvNCKfz0iBVNMFkise0b6jAEVV+tjh0Ds+MMoJhLE0JDRfq94kMR0rNosB0RlhP1G8vF//y+qkO637GRJJqKshyUZhyqGOYfw1HTFKi+cwQTCQzt0IywRITbbIpmRC+PoX/k45rO8h2Wl6lcbWKowhOwCk4Bw6ogQa4AU3QBgRQ8ACewLN1Zz1aL9brsrVgrWaOwQ9Yb58k/40o</latexit><latexit sha1_base64="e13XB+hd+azQqmE+jb/NnhDkAcM=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK1gWK4g+7Jedb0qRDZCNcd1cuLWvAsPOkbJUQErNIfl98EoJmlEhSYcK9V3UKL9DEvNCKfz0iBVNMFkise0b6jAEVV+tjh0Ds+MMoJhLE0JDRfq94kMR0rNosB0RlhP1G8vF//y+qkO637GRJJqKshyUZhyqGOYfw1HTFKi+cwQTCQzt0IywRITbbIpmRC+PoX/k45rO8h2Wl6lcbWKowhOwCk4Bw6ogQa4AU3QBgRQ8ACewLN1Zz1aL9brsrVgrWaOwQ9Yb58k/40o</latexit><latexit sha1_base64="e13XB+hd+azQqmE+jb/NnhDkAcM=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK1gWK4g+7Jedb0qRDZCNcd1cuLWvAsPOkbJUQErNIfl98EoJmlEhSYcK9V3UKL9DEvNCKfz0iBVNMFkise0b6jAEVV+tjh0Ds+MMoJhLE0JDRfq94kMR0rNosB0RlhP1G8vF//y+qkO637GRJJqKshyUZhyqGOYfw1HTFKi+cwQTCQzt0IywRITbbIpmRC+PoX/k45rO8h2Wl6lcbWKowhOwCk4Bw6ogQa4AU3QBgRQ8ACewLN1Zz1aL9brsrVgrWaOwQ9Yb58k/40o</latexit><latexit sha1_base64="e13XB+hd+azQqmE+jb/NnhDkAcM=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK1gWK4g+7Jedb0qRDZCNcd1cuLWvAsPOkbJUQErNIfl98EoJmlEhSYcK9V3UKL9DEvNCKfz0iBVNMFkise0b6jAEVV+tjh0Ds+MMoJhLE0JDRfq94kMR0rNosB0RlhP1G8vF//y+qkO637GRJJqKshyUZhyqGOYfw1HTFKi+cwQTCQzt0IywRITbbIpmRC+PoX/k45rO8h2Wl6lcbWKowhOwCk4Bw6ogQa4AU3QBgRQ8ACewLN1Zz1aL9brsrVgrWaOwQ9Yb58k/40o</latexit>

b
<latexit sha1_base64="e13XB+hd+azQqmE+jb/NnhDkAcM=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK1gWK4g+7Jedb0qRDZCNcd1cuLWvAsPOkbJUQErNIfl98EoJmlEhSYcK9V3UKL9DEvNCKfz0iBVNMFkise0b6jAEVV+tjh0Ds+MMoJhLE0JDRfq94kMR0rNosB0RlhP1G8vF//y+qkO637GRJJqKshyUZhyqGOYfw1HTFKi+cwQTCQzt0IywRITbbIpmRC+PoX/k45rO8h2Wl6lcbWKowhOwCk4Bw6ogQa4AU3QBgRQ8ACewLN1Zz1aL9brsrVgrWaOwQ9Yb58k/40o</latexit><latexit sha1_base64="e13XB+hd+azQqmE+jb/NnhDkAcM=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK1gWK4g+7Jedb0qRDZCNcd1cuLWvAsPOkbJUQErNIfl98EoJmlEhSYcK9V3UKL9DEvNCKfz0iBVNMFkise0b6jAEVV+tjh0Ds+MMoJhLE0JDRfq94kMR0rNosB0RlhP1G8vF//y+qkO637GRJJqKshyUZhyqGOYfw1HTFKi+cwQTCQzt0IywRITbbIpmRC+PoX/k45rO8h2Wl6lcbWKowhOwCk4Bw6ogQa4AU3QBgRQ8ACewLN1Zz1aL9brsrVgrWaOwQ9Yb58k/40o</latexit><latexit sha1_base64="e13XB+hd+azQqmE+jb/NnhDkAcM=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK1gWK4g+7Jedb0qRDZCNcd1cuLWvAsPOkbJUQErNIfl98EoJmlEhSYcK9V3UKL9DEvNCKfz0iBVNMFkise0b6jAEVV+tjh0Ds+MMoJhLE0JDRfq94kMR0rNosB0RlhP1G8vF//y+qkO637GRJJqKshyUZhyqGOYfw1HTFKi+cwQTCQzt0IywRITbbIpmRC+PoX/k45rO8h2Wl6lcbWKowhOwCk4Bw6ogQa4AU3QBgRQ8ACewLN1Zz1aL9brsrVgrWaOwQ9Yb58k/40o</latexit><latexit sha1_base64="e13XB+hd+azQqmE+jb/NnhDkAcM=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK1gWK4g+7Jedb0qRDZCNcd1cuLWvAsPOkbJUQErNIfl98EoJmlEhSYcK9V3UKL9DEvNCKfz0iBVNMFkise0b6jAEVV+tjh0Ds+MMoJhLE0JDRfq94kMR0rNosB0RlhP1G8vF//y+qkO637GRJJqKshyUZhyqGOYfw1HTFKi+cwQTCQzt0IywRITbbIpmRC+PoX/k45rO8h2Wl6lcbWKowhOwCk4Bw6ogQa4AU3QBgRQ8ACewLN1Zz1aL9brsrVgrWaOwQ9Yb58k/40o</latexit>

b
<latexit sha1_base64="e13XB+hd+azQqmE+jb/NnhDkAcM=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK1gWK4g+7Jedb0qRDZCNcd1cuLWvAsPOkbJUQErNIfl98EoJmlEhSYcK9V3UKL9DEvNCKfz0iBVNMFkise0b6jAEVV+tjh0Ds+MMoJhLE0JDRfq94kMR0rNosB0RlhP1G8vF//y+qkO637GRJJqKshyUZhyqGOYfw1HTFKi+cwQTCQzt0IywRITbbIpmRC+PoX/k45rO8h2Wl6lcbWKowhOwCk4Bw6ogQa4AU3QBgRQ8ACewLN1Zz1aL9brsrVgrWaOwQ9Yb58k/40o</latexit><latexit sha1_base64="e13XB+hd+azQqmE+jb/NnhDkAcM=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK1gWK4g+7Jedb0qRDZCNcd1cuLWvAsPOkbJUQErNIfl98EoJmlEhSYcK9V3UKL9DEvNCKfz0iBVNMFkise0b6jAEVV+tjh0Ds+MMoJhLE0JDRfq94kMR0rNosB0RlhP1G8vF//y+qkO637GRJJqKshyUZhyqGOYfw1HTFKi+cwQTCQzt0IywRITbbIpmRC+PoX/k45rO8h2Wl6lcbWKowhOwCk4Bw6ogQa4AU3QBgRQ8ACewLN1Zz1aL9brsrVgrWaOwQ9Yb58k/40o</latexit><latexit sha1_base64="e13XB+hd+azQqmE+jb/NnhDkAcM=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK1gWK4g+7Jedb0qRDZCNcd1cuLWvAsPOkbJUQErNIfl98EoJmlEhSYcK9V3UKL9DEvNCKfz0iBVNMFkise0b6jAEVV+tjh0Ds+MMoJhLE0JDRfq94kMR0rNosB0RlhP1G8vF//y+qkO637GRJJqKshyUZhyqGOYfw1HTFKi+cwQTCQzt0IywRITbbIpmRC+PoX/k45rO8h2Wl6lcbWKowhOwCk4Bw6ogQa4AU3QBgRQ8ACewLN1Zz1aL9brsrVgrWaOwQ9Yb58k/40o</latexit><latexit sha1_base64="e13XB+hd+azQqmE+jb/NnhDkAcM=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK1gWK4g+7Jedb0qRDZCNcd1cuLWvAsPOkbJUQErNIfl98EoJmlEhSYcK9V3UKL9DEvNCKfz0iBVNMFkise0b6jAEVV+tjh0Ds+MMoJhLE0JDRfq94kMR0rNosB0RlhP1G8vF//y+qkO637GRJJqKshyUZhyqGOYfw1HTFKi+cwQTCQzt0IywRITbbIpmRC+PoX/k45rO8h2Wl6lcbWKowhOwCk4Bw6ogQa4AU3QBgRQ8ACewLN1Zz1aL9brsrVgrWaOwQ9Yb58k/40o</latexit>

x
<latexit sha1_base64="IeMWPNjdVKiUccM/0cvkCECEX9w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6btVrXlXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4WmM7A==</latexit><latexit sha1_base64="IeMWPNjdVKiUccM/0cvkCECEX9w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6btVrXlXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4WmM7A==</latexit><latexit sha1_base64="IeMWPNjdVKiUccM/0cvkCECEX9w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6btVrXlXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4WmM7A==</latexit><latexit sha1_base64="IeMWPNjdVKiUccM/0cvkCECEX9w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6btVrXlXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4WmM7A==</latexit>

y
<latexit sha1_base64="wXvlvk4drczwMsWc1t/0I9s9bK8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2FZoQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dkobm1vbO+Xdyt7+weFR9fikq+NUMeywWMTqIaAaBZfYMdwIfEgU0igQ2Aumt3O/94RK81jemyxBP6JjyUPOqLFSOxtWa27dXYCsE68gNSjQGla/BqOYpRFKwwTVuu+5ifFzqgxnAmeVQaoxoWxKx9i3VNIItZ8vDp2RC6uMSBgrW9KQhfp7IqeR1lkU2M6Imole9ebif14/NeGNn3OZpAYlWy4KU0FMTOZfkxFXyIzILKFMcXsrYROqKDM2m4oNwVt9eZ10G3XPrXvtq1qzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/i7Yzt</latexit><latexit sha1_base64="wXvlvk4drczwMsWc1t/0I9s9bK8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2FZoQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dkobm1vbO+Xdyt7+weFR9fikq+NUMeywWMTqIaAaBZfYMdwIfEgU0igQ2Aumt3O/94RK81jemyxBP6JjyUPOqLFSOxtWa27dXYCsE68gNSjQGla/BqOYpRFKwwTVuu+5ifFzqgxnAmeVQaoxoWxKx9i3VNIItZ8vDp2RC6uMSBgrW9KQhfp7IqeR1lkU2M6Imole9ebif14/NeGNn3OZpAYlWy4KU0FMTOZfkxFXyIzILKFMcXsrYROqKDM2m4oNwVt9eZ10G3XPrXvtq1qzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/i7Yzt</latexit><latexit sha1_base64="wXvlvk4drczwMsWc1t/0I9s9bK8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2FZoQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dkobm1vbO+Xdyt7+weFR9fikq+NUMeywWMTqIaAaBZfYMdwIfEgU0igQ2Aumt3O/94RK81jemyxBP6JjyUPOqLFSOxtWa27dXYCsE68gNSjQGla/BqOYpRFKwwTVuu+5ifFzqgxnAmeVQaoxoWxKx9i3VNIItZ8vDp2RC6uMSBgrW9KQhfp7IqeR1lkU2M6Imole9ebif14/NeGNn3OZpAYlWy4KU0FMTOZfkxFXyIzILKFMcXsrYROqKDM2m4oNwVt9eZ10G3XPrXvtq1qzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/i7Yzt</latexit><latexit sha1_base64="wXvlvk4drczwMsWc1t/0I9s9bK8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2FZoQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dkobm1vbO+Xdyt7+weFR9fikq+NUMeywWMTqIaAaBZfYMdwIfEgU0igQ2Aumt3O/94RK81jemyxBP6JjyUPOqLFSOxtWa27dXYCsE68gNSjQGla/BqOYpRFKwwTVuu+5ifFzqgxnAmeVQaoxoWxKx9i3VNIItZ8vDp2RC6uMSBgrW9KQhfp7IqeR1lkU2M6Imole9ebif14/NeGNn3OZpAYlWy4KU0FMTOZfkxFXyIzILKFMcXsrYROqKDM2m4oNwVt9eZ10G3XPrXvtq1qzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/i7Yzt</latexit>

x
<latexit sha1_base64="IeMWPNjdVKiUccM/0cvkCECEX9w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6btVrXlXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4WmM7A==</latexit><latexit sha1_base64="IeMWPNjdVKiUccM/0cvkCECEX9w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6btVrXlXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4WmM7A==</latexit><latexit sha1_base64="IeMWPNjdVKiUccM/0cvkCECEX9w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6btVrXlXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4WmM7A==</latexit><latexit sha1_base64="IeMWPNjdVKiUccM/0cvkCECEX9w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6btVrXlXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4WmM7A==</latexit>

y
<latexit sha1_base64="wXvlvk4drczwMsWc1t/0I9s9bK8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2FZoQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dkobm1vbO+Xdyt7+weFR9fikq+NUMeywWMTqIaAaBZfYMdwIfEgU0igQ2Aumt3O/94RK81jemyxBP6JjyUPOqLFSOxtWa27dXYCsE68gNSjQGla/BqOYpRFKwwTVuu+5ifFzqgxnAmeVQaoxoWxKx9i3VNIItZ8vDp2RC6uMSBgrW9KQhfp7IqeR1lkU2M6Imole9ebif14/NeGNn3OZpAYlWy4KU0FMTOZfkxFXyIzILKFMcXsrYROqKDM2m4oNwVt9eZ10G3XPrXvtq1qzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/i7Yzt</latexit><latexit sha1_base64="wXvlvk4drczwMsWc1t/0I9s9bK8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2FZoQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dkobm1vbO+Xdyt7+weFR9fikq+NUMeywWMTqIaAaBZfYMdwIfEgU0igQ2Aumt3O/94RK81jemyxBP6JjyUPOqLFSOxtWa27dXYCsE68gNSjQGla/BqOYpRFKwwTVuu+5ifFzqgxnAmeVQaoxoWxKx9i3VNIItZ8vDp2RC6uMSBgrW9KQhfp7IqeR1lkU2M6Imole9ebif14/NeGNn3OZpAYlWy4KU0FMTOZfkxFXyIzILKFMcXsrYROqKDM2m4oNwVt9eZ10G3XPrXvtq1qzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/i7Yzt</latexit><latexit sha1_base64="wXvlvk4drczwMsWc1t/0I9s9bK8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2FZoQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dkobm1vbO+Xdyt7+weFR9fikq+NUMeywWMTqIaAaBZfYMdwIfEgU0igQ2Aumt3O/94RK81jemyxBP6JjyUPOqLFSOxtWa27dXYCsE68gNSjQGla/BqOYpRFKwwTVuu+5ifFzqgxnAmeVQaoxoWxKx9i3VNIItZ8vDp2RC6uMSBgrW9KQhfp7IqeR1lkU2M6Imole9ebif14/NeGNn3OZpAYlWy4KU0FMTOZfkxFXyIzILKFMcXsrYROqKDM2m4oNwVt9eZ10G3XPrXvtq1qzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/i7Yzt</latexit><latexit sha1_base64="wXvlvk4drczwMsWc1t/0I9s9bK8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2FZoQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dkobm1vbO+Xdyt7+weFR9fikq+NUMeywWMTqIaAaBZfYMdwIfEgU0igQ2Aumt3O/94RK81jemyxBP6JjyUPOqLFSOxtWa27dXYCsE68gNSjQGla/BqOYpRFKwwTVuu+5ifFzqgxnAmeVQaoxoWxKx9i3VNIItZ8vDp2RC6uMSBgrW9KQhfp7IqeR1lkU2M6Imole9ebif14/NeGNn3OZpAYlWy4KU0FMTOZfkxFXyIzILKFMcXsrYROqKDM2m4oNwVt9eZ10G3XPrXvtq1qzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/i7Yzt</latexit>

B.Z.<latexit sha1_base64="1Mne2FjuuXIKK/3FDIOZIiLyGLw=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0h60WPRi8cK9gPbUDbbTbt0dxN2N0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZelHKmje9/O5WNza3tnepubW//4PDIPT7p6CRThLZJwhPVi7CmnEnaNsxw2ksVxSLitBtNbwu/+0SVZol8MLOUhgKPJYsZwaaQbrxHb+jWfc9fAK2ToCR1KNEaul+DUUIyQaUhHGvdD/zUhDlWhhFO57VBpmmKyRSPad9SiQXVYb64dY4urDJCcaJsSYMW6u+JHAutZyKynQKbiV71CvE/r5+Z+DrMmUwzQyVZLoozjkyCisfRiClKDJ9Zgoli9lZEJlhhYmw8NRtCsPryOuk0vMD3gvtGvdko46jCGZzDJQRwBU24gxa0gcAEnuEV3hzhvDjvzseyteKUM6fwB87nDxMVjYg=</latexit><latexit sha1_base64="1Mne2FjuuXIKK/3FDIOZIiLyGLw=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0h60WPRi8cK9gPbUDbbTbt0dxN2N0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZelHKmje9/O5WNza3tnepubW//4PDIPT7p6CRThLZJwhPVi7CmnEnaNsxw2ksVxSLitBtNbwu/+0SVZol8MLOUhgKPJYsZwaaQbrxHb+jWfc9fAK2ToCR1KNEaul+DUUIyQaUhHGvdD/zUhDlWhhFO57VBpmmKyRSPad9SiQXVYb64dY4urDJCcaJsSYMW6u+JHAutZyKynQKbiV71CvE/r5+Z+DrMmUwzQyVZLoozjkyCisfRiClKDJ9Zgoli9lZEJlhhYmw8NRtCsPryOuk0vMD3gvtGvdko46jCGZzDJQRwBU24gxa0gcAEnuEV3hzhvDjvzseyteKUM6fwB87nDxMVjYg=</latexit><latexit sha1_base64="1Mne2FjuuXIKK/3FDIOZIiLyGLw=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0h60WPRi8cK9gPbUDbbTbt0dxN2N0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZelHKmje9/O5WNza3tnepubW//4PDIPT7p6CRThLZJwhPVi7CmnEnaNsxw2ksVxSLitBtNbwu/+0SVZol8MLOUhgKPJYsZwaaQbrxHb+jWfc9fAK2ToCR1KNEaul+DUUIyQaUhHGvdD/zUhDlWhhFO57VBpmmKyRSPad9SiQXVYb64dY4urDJCcaJsSYMW6u+JHAutZyKynQKbiV71CvE/r5+Z+DrMmUwzQyVZLoozjkyCisfRiClKDJ9Zgoli9lZEJlhhYmw8NRtCsPryOuk0vMD3gvtGvdko46jCGZzDJQRwBU24gxa0gcAEnuEV3hzhvDjvzseyteKUM6fwB87nDxMVjYg=</latexit><latexit sha1_base64="1Mne2FjuuXIKK/3FDIOZIiLyGLw=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0h60WPRi8cK9gPbUDbbTbt0dxN2N0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZelHKmje9/O5WNza3tnepubW//4PDIPT7p6CRThLZJwhPVi7CmnEnaNsxw2ksVxSLitBtNbwu/+0SVZol8MLOUhgKPJYsZwaaQbrxHb+jWfc9fAK2ToCR1KNEaul+DUUIyQaUhHGvdD/zUhDlWhhFO57VBpmmKyRSPad9SiQXVYb64dY4urDJCcaJsSYMW6u+JHAutZyKynQKbiV71CvE/r5+Z+DrMmUwzQyVZLoozjkyCisfRiClKDJ9Zgoli9lZEJlhhYmw8NRtCsPryOuk0vMD3gvtGvdko46jCGZzDJQRwBU24gxa0gcAEnuEV3hzhvDjvzseyteKUM6fwB87nDxMVjYg=</latexit>B.Z.<latexit sha1_base64="1Mne2FjuuXIKK/3FDIOZIiLyGLw=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0h60WPRi8cK9gPbUDbbTbt0dxN2N0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZelHKmje9/O5WNza3tnepubW//4PDIPT7p6CRThLZJwhPVi7CmnEnaNsxw2ksVxSLitBtNbwu/+0SVZol8MLOUhgKPJYsZwaaQbrxHb+jWfc9fAK2ToCR1KNEaul+DUUIyQaUhHGvdD/zUhDlWhhFO57VBpmmKyRSPad9SiQXVYb64dY4urDJCcaJsSYMW6u+JHAutZyKynQKbiV71CvE/r5+Z+DrMmUwzQyVZLoozjkyCisfRiClKDJ9Zgoli9lZEJlhhYmw8NRtCsPryOuk0vMD3gvtGvdko46jCGZzDJQRwBU24gxa0gcAEnuEV3hzhvDjvzseyteKUM6fwB87nDxMVjYg=</latexit><latexit sha1_base64="1Mne2FjuuXIKK/3FDIOZIiLyGLw=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0h60WPRi8cK9gPbUDbbTbt0dxN2N0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZelHKmje9/O5WNza3tnepubW//4PDIPT7p6CRThLZJwhPVi7CmnEnaNsxw2ksVxSLitBtNbwu/+0SVZol8MLOUhgKPJYsZwaaQbrxHb+jWfc9fAK2ToCR1KNEaul+DUUIyQaUhHGvdD/zUhDlWhhFO57VBpmmKyRSPad9SiQXVYb64dY4urDJCcaJsSYMW6u+JHAutZyKynQKbiV71CvE/r5+Z+DrMmUwzQyVZLoozjkyCisfRiClKDJ9Zgoli9lZEJlhhYmw8NRtCsPryOuk0vMD3gvtGvdko46jCGZzDJQRwBU24gxa0gcAEnuEV3hzhvDjvzseyteKUM6fwB87nDxMVjYg=</latexit><latexit sha1_base64="1Mne2FjuuXIKK/3FDIOZIiLyGLw=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0h60WPRi8cK9gPbUDbbTbt0dxN2N0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZelHKmje9/O5WNza3tnepubW//4PDIPT7p6CRThLZJwhPVi7CmnEnaNsxw2ksVxSLitBtNbwu/+0SVZol8MLOUhgKPJYsZwaaQbrxHb+jWfc9fAK2ToCR1KNEaul+DUUIyQaUhHGvdD/zUhDlWhhFO57VBpmmKyRSPad9SiQXVYb64dY4urDJCcaJsSYMW6u+JHAutZyKynQKbiV71CvE/r5+Z+DrMmUwzQyVZLoozjkyCisfRiClKDJ9Zgoli9lZEJlhhYmw8NRtCsPryOuk0vMD3gvtGvdko46jCGZzDJQRwBU24gxa0gcAEnuEV3hzhvDjvzseyteKUM6fwB87nDxMVjYg=</latexit><latexit sha1_base64="1Mne2FjuuXIKK/3FDIOZIiLyGLw=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0h60WPRi8cK9gPbUDbbTbt0dxN2N0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZelHKmje9/O5WNza3tnepubW//4PDIPT7p6CRThLZJwhPVi7CmnEnaNsxw2ksVxSLitBtNbwu/+0SVZol8MLOUhgKPJYsZwaaQbrxHb+jWfc9fAK2ToCR1KNEaul+DUUIyQaUhHGvdD/zUhDlWhhFO57VBpmmKyRSPad9SiQXVYb64dY4urDJCcaJsSYMW6u+JHAutZyKynQKbiV71CvE/r5+Z+DrMmUwzQyVZLoozjkyCisfRiClKDJ9Zgoli9lZEJlhhYmw8NRtCsPryOuk0vMD3gvtGvdko46jCGZzDJQRwBU24gxa0gcAEnuEV3hzhvDjvzseyteKUM6fwB87nDxMVjYg=</latexit>

Fermi sea
<latexit sha1_base64="U4gZDuX3nTYpFXjQFJZ2Me80hWk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKezmoseAIB4jmIckS5iddJIhM7PLzKwQlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqGTZZLGLdiahBwRU2LbcCO4lGKiOB7WhyM/fbT6gNj9WDnSYYSjpSfMgZtU56vEUtOTFI++WKX/UXIOskyEkFcjT65a/eIGapRGWZoMZ0Az+xYUa15UzgrNRLDSaUTegIu44qKtGE2eLgGblwyoAMY+1KWbJQf09kVBozlZHrlNSOzao3F//zuqkdXocZV0lqUbHlomEqiI3J/Hsy4BqZFVNHKNPc3UrYmGrKrMuo5EIIVl9eJ61aNfCrwX2tUq/lcRThDM7hEgK4gjrcQQOawEDCM7zCm6e9F+/d+1i2Frx85hT+wPv8AV7akA4=</latexit><latexit sha1_base64="U4gZDuX3nTYpFXjQFJZ2Me80hWk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKezmoseAIB4jmIckS5iddJIhM7PLzKwQlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqGTZZLGLdiahBwRU2LbcCO4lGKiOB7WhyM/fbT6gNj9WDnSYYSjpSfMgZtU56vEUtOTFI++WKX/UXIOskyEkFcjT65a/eIGapRGWZoMZ0Az+xYUa15UzgrNRLDSaUTegIu44qKtGE2eLgGblwyoAMY+1KWbJQf09kVBozlZHrlNSOzao3F//zuqkdXocZV0lqUbHlomEqiI3J/Hsy4BqZFVNHKNPc3UrYmGrKrMuo5EIIVl9eJ61aNfCrwX2tUq/lcRThDM7hEgK4gjrcQQOawEDCM7zCm6e9F+/d+1i2Frx85hT+wPv8AV7akA4=</latexit><latexit sha1_base64="U4gZDuX3nTYpFXjQFJZ2Me80hWk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKezmoseAIB4jmIckS5iddJIhM7PLzKwQlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqGTZZLGLdiahBwRU2LbcCO4lGKiOB7WhyM/fbT6gNj9WDnSYYSjpSfMgZtU56vEUtOTFI++WKX/UXIOskyEkFcjT65a/eIGapRGWZoMZ0Az+xYUa15UzgrNRLDSaUTegIu44qKtGE2eLgGblwyoAMY+1KWbJQf09kVBozlZHrlNSOzao3F//zuqkdXocZV0lqUbHlomEqiI3J/Hsy4BqZFVNHKNPc3UrYmGrKrMuo5EIIVl9eJ61aNfCrwX2tUq/lcRThDM7hEgK4gjrcQQOawEDCM7zCm6e9F+/d+1i2Frx85hT+wPv8AV7akA4=</latexit><latexit sha1_base64="U4gZDuX3nTYpFXjQFJZ2Me80hWk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKezmoseAIB4jmIckS5iddJIhM7PLzKwQlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqGTZZLGLdiahBwRU2LbcCO4lGKiOB7WhyM/fbT6gNj9WDnSYYSjpSfMgZtU56vEUtOTFI++WKX/UXIOskyEkFcjT65a/eIGapRGWZoMZ0Az+xYUa15UzgrNRLDSaUTegIu44qKtGE2eLgGblwyoAMY+1KWbJQf09kVBozlZHrlNSOzao3F//zuqkdXocZV0lqUbHlomEqiI3J/Hsy4BqZFVNHKNPc3UrYmGrKrMuo5EIIVl9eJ61aNfCrwX2tUq/lcRThDM7hEgK4gjrcQQOawEDCM7zCm6e9F+/d+1i2Frx85hT+wPv8AV7akA4=</latexit> Fermi sea

<latexit sha1_base64="U4gZDuX3nTYpFXjQFJZ2Me80hWk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKezmoseAIB4jmIckS5iddJIhM7PLzKwQlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqGTZZLGLdiahBwRU2LbcCO4lGKiOB7WhyM/fbT6gNj9WDnSYYSjpSfMgZtU56vEUtOTFI++WKX/UXIOskyEkFcjT65a/eIGapRGWZoMZ0Az+xYUa15UzgrNRLDSaUTegIu44qKtGE2eLgGblwyoAMY+1KWbJQf09kVBozlZHrlNSOzao3F//zuqkdXocZV0lqUbHlomEqiI3J/Hsy4BqZFVNHKNPc3UrYmGrKrMuo5EIIVl9eJ61aNfCrwX2tUq/lcRThDM7hEgK4gjrcQQOawEDCM7zCm6e9F+/d+1i2Frx85hT+wPv8AV7akA4=</latexit><latexit sha1_base64="U4gZDuX3nTYpFXjQFJZ2Me80hWk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKezmoseAIB4jmIckS5iddJIhM7PLzKwQlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqGTZZLGLdiahBwRU2LbcCO4lGKiOB7WhyM/fbT6gNj9WDnSYYSjpSfMgZtU56vEUtOTFI++WKX/UXIOskyEkFcjT65a/eIGapRGWZoMZ0Az+xYUa15UzgrNRLDSaUTegIu44qKtGE2eLgGblwyoAMY+1KWbJQf09kVBozlZHrlNSOzao3F//zuqkdXocZV0lqUbHlomEqiI3J/Hsy4BqZFVNHKNPc3UrYmGrKrMuo5EIIVl9eJ61aNfCrwX2tUq/lcRThDM7hEgK4gjrcQQOawEDCM7zCm6e9F+/d+1i2Frx85hT+wPv8AV7akA4=</latexit><latexit sha1_base64="U4gZDuX3nTYpFXjQFJZ2Me80hWk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKezmoseAIB4jmIckS5iddJIhM7PLzKwQlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqGTZZLGLdiahBwRU2LbcCO4lGKiOB7WhyM/fbT6gNj9WDnSYYSjpSfMgZtU56vEUtOTFI++WKX/UXIOskyEkFcjT65a/eIGapRGWZoMZ0Az+xYUa15UzgrNRLDSaUTegIu44qKtGE2eLgGblwyoAMY+1KWbJQf09kVBozlZHrlNSOzao3F//zuqkdXocZV0lqUbHlomEqiI3J/Hsy4BqZFVNHKNPc3UrYmGrKrMuo5EIIVl9eJ61aNfCrwX2tUq/lcRThDM7hEgK4gjrcQQOawEDCM7zCm6e9F+/d+1i2Frx85hT+wPv8AV7akA4=</latexit><latexit sha1_base64="U4gZDuX3nTYpFXjQFJZ2Me80hWk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKezmoseAIB4jmIckS5iddJIhM7PLzKwQlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqGTZZLGLdiahBwRU2LbcCO4lGKiOB7WhyM/fbT6gNj9WDnSYYSjpSfMgZtU56vEUtOTFI++WKX/UXIOskyEkFcjT65a/eIGapRGWZoMZ0Az+xYUa15UzgrNRLDSaUTegIu44qKtGE2eLgGblwyoAMY+1KWbJQf09kVBozlZHrlNSOzao3F//zuqkdXocZV0lqUbHlomEqiI3J/Hsy4BqZFVNHKNPc3UrYmGrKrMuo5EIIVl9eJ61aNfCrwX2tUq/lcRThDM7hEgK4gjrcQQOawEDCM7zCm6e9F+/d+1i2Frx85hT+wPv8AV7akA4=</latexit>

(a) Show that

σij = −en
B
εij , (3)

and justify this answer on physical grounds, without resorting to (1).
Hint: Start by evaluating the t integral in (1), using (2). You should take τ →∞.
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Next, consider the following open Fermi surface. The lengths in the Brillouin zone of each segment
are shown; assume that each segment is oriented exactly along either the x or the y direction, as depicted.
Assume the local density of states is ν everywhere on the Fermi surface, and that the magnitude of the
Fermi velocity is vF everywhere along the Fermi surface.

a
<latexit sha1_base64="FkFjwjsuxm8QffXGm7aiVSru4Ws=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC08LFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest08je40n</latexit><latexit sha1_base64="FkFjwjsuxm8QffXGm7aiVSru4Ws=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC08LFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest08je40n</latexit><latexit sha1_base64="FkFjwjsuxm8QffXGm7aiVSru4Ws=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC08LFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest08je40n</latexit><latexit sha1_base64="FkFjwjsuxm8QffXGm7aiVSru4Ws=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC08LFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest08je40n</latexit>

b
<latexit sha1_base64="e13XB+hd+azQqmE+jb/NnhDkAcM=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK1gWK4g+7Jedb0qRDZCNcd1cuLWvAsPOkbJUQErNIfl98EoJmlEhSYcK9V3UKL9DEvNCKfz0iBVNMFkise0b6jAEVV+tjh0Ds+MMoJhLE0JDRfq94kMR0rNosB0RlhP1G8vF//y+qkO637GRJJqKshyUZhyqGOYfw1HTFKi+cwQTCQzt0IywRITbbIpmRC+PoX/k45rO8h2Wl6lcbWKowhOwCk4Bw6ogQa4AU3QBgRQ8ACewLN1Zz1aL9brsrVgrWaOwQ9Yb58k/40o</latexit><latexit sha1_base64="e13XB+hd+azQqmE+jb/NnhDkAcM=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK1gWK4g+7Jedb0qRDZCNcd1cuLWvAsPOkbJUQErNIfl98EoJmlEhSYcK9V3UKL9DEvNCKfz0iBVNMFkise0b6jAEVV+tjh0Ds+MMoJhLE0JDRfq94kMR0rNosB0RlhP1G8vF//y+qkO637GRJJqKshyUZhyqGOYfw1HTFKi+cwQTCQzt0IywRITbbIpmRC+PoX/k45rO8h2Wl6lcbWKowhOwCk4Bw6ogQa4AU3QBgRQ8ACewLN1Zz1aL9brsrVgrWaOwQ9Yb58k/40o</latexit><latexit sha1_base64="e13XB+hd+azQqmE+jb/NnhDkAcM=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK1gWK4g+7Jedb0qRDZCNcd1cuLWvAsPOkbJUQErNIfl98EoJmlEhSYcK9V3UKL9DEvNCKfz0iBVNMFkise0b6jAEVV+tjh0Ds+MMoJhLE0JDRfq94kMR0rNosB0RlhP1G8vF//y+qkO637GRJJqKshyUZhyqGOYfw1HTFKi+cwQTCQzt0IywRITbbIpmRC+PoX/k45rO8h2Wl6lcbWKowhOwCk4Bw6ogQa4AU3QBgRQ8ACewLN1Zz1aL9brsrVgrWaOwQ9Yb58k/40o</latexit><latexit sha1_base64="e13XB+hd+azQqmE+jb/NnhDkAcM=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK1gWK4g+7Jedb0qRDZCNcd1cuLWvAsPOkbJUQErNIfl98EoJmlEhSYcK9V3UKL9DEvNCKfz0iBVNMFkise0b6jAEVV+tjh0Ds+MMoJhLE0JDRfq94kMR0rNosB0RlhP1G8vF//y+qkO637GRJJqKshyUZhyqGOYfw1HTFKi+cwQTCQzt0IywRITbbIpmRC+PoX/k45rO8h2Wl6lcbWKowhOwCk4Bw6ogQa4AU3QBgRQ8ACewLN1Zz1aL9brsrVgrWaOwQ9Yb58k/40o</latexit>

c
<latexit sha1_base64="DpmYVlJqzhUoeamuoI9eQsP2wkA=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC0yLFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest08mg40p</latexit><latexit sha1_base64="DpmYVlJqzhUoeamuoI9eQsP2wkA=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC0yLFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest08mg40p</latexit><latexit sha1_base64="DpmYVlJqzhUoeamuoI9eQsP2wkA=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC0yLFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest08mg40p</latexit><latexit sha1_base64="DpmYVlJqzhUoeamuoI9eQsP2wkA=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC0yLFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest08mg40p</latexit>

qk
<latexit sha1_base64="UJM5wn/wNLS4YbF/7BvGnHzp504=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuQhJDW3dFNy4r2AekoUymk3boZCbOTIQS+hluXCji1q9x5984aSuo6IELh3Pu5d57opRRpR3nw1pZXVvf2Cxtlbd3dvf2KweHHSUyiUkbCyZkL0KKMMpJW1PNSC+VBCURI91oclX43XsiFRX8Vk9TEiZoxGlMMdJGCu4G/RRJxBhhg0rVsS8aNc+vQcd2nLrruQXx6v65D12jFKiCJVqDynt/KHCWEK4xQ0oFrpPqMEdSU8zIrNzPFEkRnqARCQzlKCEqzOcnz+CpUYYwFtIU13Cufp/IUaLUNIlMZ4L0WP32CvEvL8h03AhzytNME44Xi+KMQS1g8T8cUkmwZlNDEJbU3Arx2ESAtUmpbEL4+hT+Tzqe7Tq2e+NXm5fLOErgGJyAM+CCOmiCa9ACbYCBAA/gCTxb2nq0XqzXReuKtZw5Aj9gvX0C37yRow==</latexit><latexit sha1_base64="UJM5wn/wNLS4YbF/7BvGnHzp504=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuQhJDW3dFNy4r2AekoUymk3boZCbOTIQS+hluXCji1q9x5984aSuo6IELh3Pu5d57opRRpR3nw1pZXVvf2Cxtlbd3dvf2KweHHSUyiUkbCyZkL0KKMMpJW1PNSC+VBCURI91oclX43XsiFRX8Vk9TEiZoxGlMMdJGCu4G/RRJxBhhg0rVsS8aNc+vQcd2nLrruQXx6v65D12jFKiCJVqDynt/KHCWEK4xQ0oFrpPqMEdSU8zIrNzPFEkRnqARCQzlKCEqzOcnz+CpUYYwFtIU13Cufp/IUaLUNIlMZ4L0WP32CvEvL8h03AhzytNME44Xi+KMQS1g8T8cUkmwZlNDEJbU3Arx2ESAtUmpbEL4+hT+Tzqe7Tq2e+NXm5fLOErgGJyAM+CCOmiCa9ACbYCBAA/gCTxb2nq0XqzXReuKtZw5Aj9gvX0C37yRow==</latexit><latexit sha1_base64="UJM5wn/wNLS4YbF/7BvGnHzp504=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuQhJDW3dFNy4r2AekoUymk3boZCbOTIQS+hluXCji1q9x5984aSuo6IELh3Pu5d57opRRpR3nw1pZXVvf2Cxtlbd3dvf2KweHHSUyiUkbCyZkL0KKMMpJW1PNSC+VBCURI91oclX43XsiFRX8Vk9TEiZoxGlMMdJGCu4G/RRJxBhhg0rVsS8aNc+vQcd2nLrruQXx6v65D12jFKiCJVqDynt/KHCWEK4xQ0oFrpPqMEdSU8zIrNzPFEkRnqARCQzlKCEqzOcnz+CpUYYwFtIU13Cufp/IUaLUNIlMZ4L0WP32CvEvL8h03AhzytNME44Xi+KMQS1g8T8cUkmwZlNDEJbU3Arx2ESAtUmpbEL4+hT+Tzqe7Tq2e+NXm5fLOErgGJyAM+CCOmiCa9ACbYCBAA/gCTxb2nq0XqzXReuKtZw5Aj9gvX0C37yRow==</latexit><latexit sha1_base64="UJM5wn/wNLS4YbF/7BvGnHzp504=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuQhJDW3dFNy4r2AekoUymk3boZCbOTIQS+hluXCji1q9x5984aSuo6IELh3Pu5d57opRRpR3nw1pZXVvf2Cxtlbd3dvf2KweHHSUyiUkbCyZkL0KKMMpJW1PNSC+VBCURI91oclX43XsiFRX8Vk9TEiZoxGlMMdJGCu4G/RRJxBhhg0rVsS8aNc+vQcd2nLrruQXx6v65D12jFKiCJVqDynt/KHCWEK4xQ0oFrpPqMEdSU8zIrNzPFEkRnqARCQzlKCEqzOcnz+CpUYYwFtIU13Cufp/IUaLUNIlMZ4L0WP32CvEvL8h03AhzytNME44Xi+KMQS1g8T8cUkmwZlNDEJbU3Arx2ESAtUmpbEL4+hT+Tzqe7Tq2e+NXm5fLOErgGJyAM+CCOmiCa9ACbYCBAA/gCTxb2nq0XqzXReuKtZw5Aj9gvX0C37yRow==</latexit>

c
<latexit sha1_base64="DpmYVlJqzhUoeamuoI9eQsP2wkA=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC0yLFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest08mg40p</latexit><latexit sha1_base64="DpmYVlJqzhUoeamuoI9eQsP2wkA=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC0yLFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest08mg40p</latexit><latexit sha1_base64="DpmYVlJqzhUoeamuoI9eQsP2wkA=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC0yLFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest08mg40p</latexit><latexit sha1_base64="DpmYVlJqzhUoeamuoI9eQsP2wkA=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC0yLFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest08mg40p</latexit>

a
<latexit sha1_base64="FkFjwjsuxm8QffXGm7aiVSru4Ws=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC08LFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest08je40n</latexit><latexit sha1_base64="FkFjwjsuxm8QffXGm7aiVSru4Ws=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC08LFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest08je40n</latexit><latexit sha1_base64="FkFjwjsuxm8QffXGm7aiVSru4Ws=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC08LFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest08je40n</latexit><latexit sha1_base64="FkFjwjsuxm8QffXGm7aiVSru4Ws=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC08LFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest08je40n</latexit>

a
<latexit sha1_base64="FkFjwjsuxm8QffXGm7aiVSru4Ws=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC08LFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest08je40n</latexit><latexit sha1_base64="FkFjwjsuxm8QffXGm7aiVSru4Ws=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC08LFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest08je40n</latexit><latexit sha1_base64="FkFjwjsuxm8QffXGm7aiVSru4Ws=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC08LFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest08je40n</latexit><latexit sha1_base64="FkFjwjsuxm8QffXGm7aiVSru4Ws=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC08LFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest08je40n</latexit>

a
<latexit sha1_base64="FkFjwjsuxm8QffXGm7aiVSru4Ws=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC08LFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest08je40n</latexit><latexit sha1_base64="FkFjwjsuxm8QffXGm7aiVSru4Ws=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC08LFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest08je40n</latexit><latexit sha1_base64="FkFjwjsuxm8QffXGm7aiVSru4Ws=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC08LFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest08je40n</latexit><latexit sha1_base64="FkFjwjsuxm8QffXGm7aiVSru4Ws=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSC08LFeQfVmvul4VIhuhmuM6OXFr3oUHHaPkqIAVmsPy+2AUkzSiQhOOleo7KNF+hqVmhNN5aZAqmmAyxWPaN1TgiCo/Wxw6h2dGGcEwlqaEhgv1+0SGI6VmUWA6I6wn6reXi395/VSHdT9jIkk1FWS5KEw51DHMv4YjJinRfGYIJpKZWyGZYImJNtmUTAhfn8L/Sce1HWQ7La/SuFrFUQQn4BScAwfUQAPcgCZoAwIoeABP4Nm6sx6tF+t12VqwVjPH4Aest08je40n</latexit>

b
<latexit sha1_base64="e13XB+hd+azQqmE+jb/NnhDkAcM=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK1gWK4g+7Jedb0qRDZCNcd1cuLWvAsPOkbJUQErNIfl98EoJmlEhSYcK9V3UKL9DEvNCKfz0iBVNMFkise0b6jAEVV+tjh0Ds+MMoJhLE0JDRfq94kMR0rNosB0RlhP1G8vF//y+qkO637GRJJqKshyUZhyqGOYfw1HTFKi+cwQTCQzt0IywRITbbIpmRC+PoX/k45rO8h2Wl6lcbWKowhOwCk4Bw6ogQa4AU3QBgRQ8ACewLN1Zz1aL9brsrVgrWaOwQ9Yb58k/40o</latexit><latexit sha1_base64="e13XB+hd+azQqmE+jb/NnhDkAcM=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK1gWK4g+7Jedb0qRDZCNcd1cuLWvAsPOkbJUQErNIfl98EoJmlEhSYcK9V3UKL9DEvNCKfz0iBVNMFkise0b6jAEVV+tjh0Ds+MMoJhLE0JDRfq94kMR0rNosB0RlhP1G8vF//y+qkO637GRJJqKshyUZhyqGOYfw1HTFKi+cwQTCQzt0IywRITbbIpmRC+PoX/k45rO8h2Wl6lcbWKowhOwCk4Bw6ogQa4AU3QBgRQ8ACewLN1Zz1aL9brsrVgrWaOwQ9Yb58k/40o</latexit><latexit sha1_base64="e13XB+hd+azQqmE+jb/NnhDkAcM=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK1gWK4g+7Jedb0qRDZCNcd1cuLWvAsPOkbJUQErNIfl98EoJmlEhSYcK9V3UKL9DEvNCKfz0iBVNMFkise0b6jAEVV+tjh0Ds+MMoJhLE0JDRfq94kMR0rNosB0RlhP1G8vF//y+qkO637GRJJqKshyUZhyqGOYfw1HTFKi+cwQTCQzt0IywRITbbIpmRC+PoX/k45rO8h2Wl6lcbWKowhOwCk4Bw6ogQa4AU3QBgRQ8ACewLN1Zz1aL9brsrVgrWaOwQ9Yb58k/40o</latexit><latexit sha1_base64="e13XB+hd+azQqmE+jb/NnhDkAcM=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK1gWK4g+7Jedb0qRDZCNcd1cuLWvAsPOkbJUQErNIfl98EoJmlEhSYcK9V3UKL9DEvNCKfz0iBVNMFkise0b6jAEVV+tjh0Ds+MMoJhLE0JDRfq94kMR0rNosB0RlhP1G8vF//y+qkO637GRJJqKshyUZhyqGOYfw1HTFKi+cwQTCQzt0IywRITbbIpmRC+PoX/k45rO8h2Wl6lcbWKowhOwCk4Bw6ogQa4AU3QBgRQ8ACewLN1Zz1aL9brsrVgrWaOwQ9Yb58k/40o</latexit>

b
<latexit sha1_base64="e13XB+hd+azQqmE+jb/NnhDkAcM=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK1gWK4g+7Jedb0qRDZCNcd1cuLWvAsPOkbJUQErNIfl98EoJmlEhSYcK9V3UKL9DEvNCKfz0iBVNMFkise0b6jAEVV+tjh0Ds+MMoJhLE0JDRfq94kMR0rNosB0RlhP1G8vF//y+qkO637GRJJqKshyUZhyqGOYfw1HTFKi+cwQTCQzt0IywRITbbIpmRC+PoX/k45rO8h2Wl6lcbWKowhOwCk4Bw6ogQa4AU3QBgRQ8ACewLN1Zz1aL9brsrVgrWaOwQ9Yb58k/40o</latexit><latexit sha1_base64="e13XB+hd+azQqmE+jb/NnhDkAcM=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK1gWK4g+7Jedb0qRDZCNcd1cuLWvAsPOkbJUQErNIfl98EoJmlEhSYcK9V3UKL9DEvNCKfz0iBVNMFkise0b6jAEVV+tjh0Ds+MMoJhLE0JDRfq94kMR0rNosB0RlhP1G8vF//y+qkO637GRJJqKshyUZhyqGOYfw1HTFKi+cwQTCQzt0IywRITbbIpmRC+PoX/k45rO8h2Wl6lcbWKowhOwCk4Bw6ogQa4AU3QBgRQ8ACewLN1Zz1aL9brsrVgrWaOwQ9Yb58k/40o</latexit><latexit sha1_base64="e13XB+hd+azQqmE+jb/NnhDkAcM=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK1gWK4g+7Jedb0qRDZCNcd1cuLWvAsPOkbJUQErNIfl98EoJmlEhSYcK9V3UKL9DEvNCKfz0iBVNMFkise0b6jAEVV+tjh0Ds+MMoJhLE0JDRfq94kMR0rNosB0RlhP1G8vF//y+qkO637GRJJqKshyUZhyqGOYfw1HTFKi+cwQTCQzt0IywRITbbIpmRC+PoX/k45rO8h2Wl6lcbWKowhOwCk4Bw6ogQa4AU3QBgRQ8ACewLN1Zz1aL9brsrVgrWaOwQ9Yb58k/40o</latexit><latexit sha1_base64="e13XB+hd+azQqmE+jb/NnhDkAcM=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK1gWK4g+7Jedb0qRDZCNcd1cuLWvAsPOkbJUQErNIfl98EoJmlEhSYcK9V3UKL9DEvNCKfz0iBVNMFkise0b6jAEVV+tjh0Ds+MMoJhLE0JDRfq94kMR0rNosB0RlhP1G8vF//y+qkO637GRJJqKshyUZhyqGOYfw1HTFKi+cwQTCQzt0IywRITbbIpmRC+PoX/k45rO8h2Wl6lcbWKowhOwCk4Bw6ogQa4AU3QBgRQ8ACewLN1Zz1aL9brsrVgrWaOwQ9Yb58k/40o</latexit>

b
<latexit sha1_base64="e13XB+hd+azQqmE+jb/NnhDkAcM=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK1gWK4g+7Jedb0qRDZCNcd1cuLWvAsPOkbJUQErNIfl98EoJmlEhSYcK9V3UKL9DEvNCKfz0iBVNMFkise0b6jAEVV+tjh0Ds+MMoJhLE0JDRfq94kMR0rNosB0RlhP1G8vF//y+qkO637GRJJqKshyUZhyqGOYfw1HTFKi+cwQTCQzt0IywRITbbIpmRC+PoX/k45rO8h2Wl6lcbWKowhOwCk4Bw6ogQa4AU3QBgRQ8ACewLN1Zz1aL9brsrVgrWaOwQ9Yb58k/40o</latexit><latexit sha1_base64="e13XB+hd+azQqmE+jb/NnhDkAcM=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK1gWK4g+7Jedb0qRDZCNcd1cuLWvAsPOkbJUQErNIfl98EoJmlEhSYcK9V3UKL9DEvNCKfz0iBVNMFkise0b6jAEVV+tjh0Ds+MMoJhLE0JDRfq94kMR0rNosB0RlhP1G8vF//y+qkO637GRJJqKshyUZhyqGOYfw1HTFKi+cwQTCQzt0IywRITbbIpmRC+PoX/k45rO8h2Wl6lcbWKowhOwCk4Bw6ogQa4AU3QBgRQ8ACewLN1Zz1aL9brsrVgrWaOwQ9Yb58k/40o</latexit><latexit sha1_base64="e13XB+hd+azQqmE+jb/NnhDkAcM=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK1gWK4g+7Jedb0qRDZCNcd1cuLWvAsPOkbJUQErNIfl98EoJmlEhSYcK9V3UKL9DEvNCKfz0iBVNMFkise0b6jAEVV+tjh0Ds+MMoJhLE0JDRfq94kMR0rNosB0RlhP1G8vF//y+qkO637GRJJqKshyUZhyqGOYfw1HTFKi+cwQTCQzt0IywRITbbIpmRC+PoX/k45rO8h2Wl6lcbWKowhOwCk4Bw6ogQa4AU3QBgRQ8ACewLN1Zz1aL9brsrVgrWaOwQ9Yb58k/40o</latexit><latexit sha1_base64="e13XB+hd+azQqmE+jb/NnhDkAcM=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNpte5372nUrFY3OpZQv0IjwULGcHaSK1gWK4g+7Jedb0qRDZCNcd1cuLWvAsPOkbJUQErNIfl98EoJmlEhSYcK9V3UKL9DEvNCKfz0iBVNMFkise0b6jAEVV+tjh0Ds+MMoJhLE0JDRfq94kMR0rNosB0RlhP1G8vF//y+qkO637GRJJqKshyUZhyqGOYfw1HTFKi+cwQTCQzt0IywRITbbIpmRC+PoX/k45rO8h2Wl6lcbWKowhOwCk4Bw6ogQa4AU3QBgRQ8ACewLN1Zz1aL9brsrVgrWaOwQ9Yb58k/40o</latexit>

x
<latexit sha1_base64="IeMWPNjdVKiUccM/0cvkCECEX9w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6btVrXlXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4WmM7A==</latexit><latexit sha1_base64="IeMWPNjdVKiUccM/0cvkCECEX9w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6btVrXlXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4WmM7A==</latexit><latexit sha1_base64="IeMWPNjdVKiUccM/0cvkCECEX9w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6btVrXlXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4WmM7A==</latexit><latexit sha1_base64="IeMWPNjdVKiUccM/0cvkCECEX9w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6btVrXlXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4WmM7A==</latexit>

y
<latexit sha1_base64="wXvlvk4drczwMsWc1t/0I9s9bK8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2FZoQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dkobm1vbO+Xdyt7+weFR9fikq+NUMeywWMTqIaAaBZfYMdwIfEgU0igQ2Aumt3O/94RK81jemyxBP6JjyUPOqLFSOxtWa27dXYCsE68gNSjQGla/BqOYpRFKwwTVuu+5ifFzqgxnAmeVQaoxoWxKx9i3VNIItZ8vDp2RC6uMSBgrW9KQhfp7IqeR1lkU2M6Imole9ebif14/NeGNn3OZpAYlWy4KU0FMTOZfkxFXyIzILKFMcXsrYROqKDM2m4oNwVt9eZ10G3XPrXvtq1qzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/i7Yzt</latexit><latexit sha1_base64="wXvlvk4drczwMsWc1t/0I9s9bK8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2FZoQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dkobm1vbO+Xdyt7+weFR9fikq+NUMeywWMTqIaAaBZfYMdwIfEgU0igQ2Aumt3O/94RK81jemyxBP6JjyUPOqLFSOxtWa27dXYCsE68gNSjQGla/BqOYpRFKwwTVuu+5ifFzqgxnAmeVQaoxoWxKx9i3VNIItZ8vDp2RC6uMSBgrW9KQhfp7IqeR1lkU2M6Imole9ebif14/NeGNn3OZpAYlWy4KU0FMTOZfkxFXyIzILKFMcXsrYROqKDM2m4oNwVt9eZ10G3XPrXvtq1qzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/i7Yzt</latexit><latexit sha1_base64="wXvlvk4drczwMsWc1t/0I9s9bK8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2FZoQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dkobm1vbO+Xdyt7+weFR9fikq+NUMeywWMTqIaAaBZfYMdwIfEgU0igQ2Aumt3O/94RK81jemyxBP6JjyUPOqLFSOxtWa27dXYCsE68gNSjQGla/BqOYpRFKwwTVuu+5ifFzqgxnAmeVQaoxoWxKx9i3VNIItZ8vDp2RC6uMSBgrW9KQhfp7IqeR1lkU2M6Imole9ebif14/NeGNn3OZpAYlWy4KU0FMTOZfkxFXyIzILKFMcXsrYROqKDM2m4oNwVt9eZ10G3XPrXvtq1qzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/i7Yzt</latexit><latexit sha1_base64="wXvlvk4drczwMsWc1t/0I9s9bK8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2FZoQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dkobm1vbO+Xdyt7+weFR9fikq+NUMeywWMTqIaAaBZfYMdwIfEgU0igQ2Aumt3O/94RK81jemyxBP6JjyUPOqLFSOxtWa27dXYCsE68gNSjQGla/BqOYpRFKwwTVuu+5ifFzqgxnAmeVQaoxoWxKx9i3VNIItZ8vDp2RC6uMSBgrW9KQhfp7IqeR1lkU2M6Imole9ebif14/NeGNn3OZpAYlWy4KU0FMTOZfkxFXyIzILKFMcXsrYROqKDM2m4oNwVt9eZ10G3XPrXvtq1qzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/i7Yzt</latexit>

x
<latexit sha1_base64="IeMWPNjdVKiUccM/0cvkCECEX9w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6btVrXlXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4WmM7A==</latexit><latexit sha1_base64="IeMWPNjdVKiUccM/0cvkCECEX9w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6btVrXlXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4WmM7A==</latexit><latexit sha1_base64="IeMWPNjdVKiUccM/0cvkCECEX9w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6btVrXlXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4WmM7A==</latexit><latexit sha1_base64="IeMWPNjdVKiUccM/0cvkCECEX9w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6btVrXlXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4WmM7A==</latexit>

y
<latexit sha1_base64="wXvlvk4drczwMsWc1t/0I9s9bK8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2FZoQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dkobm1vbO+Xdyt7+weFR9fikq+NUMeywWMTqIaAaBZfYMdwIfEgU0igQ2Aumt3O/94RK81jemyxBP6JjyUPOqLFSOxtWa27dXYCsE68gNSjQGla/BqOYpRFKwwTVuu+5ifFzqgxnAmeVQaoxoWxKx9i3VNIItZ8vDp2RC6uMSBgrW9KQhfp7IqeR1lkU2M6Imole9ebif14/NeGNn3OZpAYlWy4KU0FMTOZfkxFXyIzILKFMcXsrYROqKDM2m4oNwVt9eZ10G3XPrXvtq1qzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/i7Yzt</latexit><latexit sha1_base64="wXvlvk4drczwMsWc1t/0I9s9bK8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2FZoQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dkobm1vbO+Xdyt7+weFR9fikq+NUMeywWMTqIaAaBZfYMdwIfEgU0igQ2Aumt3O/94RK81jemyxBP6JjyUPOqLFSOxtWa27dXYCsE68gNSjQGla/BqOYpRFKwwTVuu+5ifFzqgxnAmeVQaoxoWxKx9i3VNIItZ8vDp2RC6uMSBgrW9KQhfp7IqeR1lkU2M6Imole9ebif14/NeGNn3OZpAYlWy4KU0FMTOZfkxFXyIzILKFMcXsrYROqKDM2m4oNwVt9eZ10G3XPrXvtq1qzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/i7Yzt</latexit><latexit sha1_base64="wXvlvk4drczwMsWc1t/0I9s9bK8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2FZoQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dkobm1vbO+Xdyt7+weFR9fikq+NUMeywWMTqIaAaBZfYMdwIfEgU0igQ2Aumt3O/94RK81jemyxBP6JjyUPOqLFSOxtWa27dXYCsE68gNSjQGla/BqOYpRFKwwTVuu+5ifFzqgxnAmeVQaoxoWxKx9i3VNIItZ8vDp2RC6uMSBgrW9KQhfp7IqeR1lkU2M6Imole9ebif14/NeGNn3OZpAYlWy4KU0FMTOZfkxFXyIzILKFMcXsrYROqKDM2m4oNwVt9eZ10G3XPrXvtq1qzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/i7Yzt</latexit><latexit sha1_base64="wXvlvk4drczwMsWc1t/0I9s9bK8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2FZoQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dkobm1vbO+Xdyt7+weFR9fikq+NUMeywWMTqIaAaBZfYMdwIfEgU0igQ2Aumt3O/94RK81jemyxBP6JjyUPOqLFSOxtWa27dXYCsE68gNSjQGla/BqOYpRFKwwTVuu+5ifFzqgxnAmeVQaoxoWxKx9i3VNIItZ8vDp2RC6uMSBgrW9KQhfp7IqeR1lkU2M6Imole9ebif14/NeGNn3OZpAYlWy4KU0FMTOZfkxFXyIzILKFMcXsrYROqKDM2m4oNwVt9eZ10G3XPrXvtq1qzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/i7Yzt</latexit>

B.Z.<latexit sha1_base64="1Mne2FjuuXIKK/3FDIOZIiLyGLw=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0h60WPRi8cK9gPbUDbbTbt0dxN2N0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZelHKmje9/O5WNza3tnepubW//4PDIPT7p6CRThLZJwhPVi7CmnEnaNsxw2ksVxSLitBtNbwu/+0SVZol8MLOUhgKPJYsZwaaQbrxHb+jWfc9fAK2ToCR1KNEaul+DUUIyQaUhHGvdD/zUhDlWhhFO57VBpmmKyRSPad9SiQXVYb64dY4urDJCcaJsSYMW6u+JHAutZyKynQKbiV71CvE/r5+Z+DrMmUwzQyVZLoozjkyCisfRiClKDJ9Zgoli9lZEJlhhYmw8NRtCsPryOuk0vMD3gvtGvdko46jCGZzDJQRwBU24gxa0gcAEnuEV3hzhvDjvzseyteKUM6fwB87nDxMVjYg=</latexit><latexit sha1_base64="1Mne2FjuuXIKK/3FDIOZIiLyGLw=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0h60WPRi8cK9gPbUDbbTbt0dxN2N0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZelHKmje9/O5WNza3tnepubW//4PDIPT7p6CRThLZJwhPVi7CmnEnaNsxw2ksVxSLitBtNbwu/+0SVZol8MLOUhgKPJYsZwaaQbrxHb+jWfc9fAK2ToCR1KNEaul+DUUIyQaUhHGvdD/zUhDlWhhFO57VBpmmKyRSPad9SiQXVYb64dY4urDJCcaJsSYMW6u+JHAutZyKynQKbiV71CvE/r5+Z+DrMmUwzQyVZLoozjkyCisfRiClKDJ9Zgoli9lZEJlhhYmw8NRtCsPryOuk0vMD3gvtGvdko46jCGZzDJQRwBU24gxa0gcAEnuEV3hzhvDjvzseyteKUM6fwB87nDxMVjYg=</latexit><latexit sha1_base64="1Mne2FjuuXIKK/3FDIOZIiLyGLw=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0h60WPRi8cK9gPbUDbbTbt0dxN2N0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZelHKmje9/O5WNza3tnepubW//4PDIPT7p6CRThLZJwhPVi7CmnEnaNsxw2ksVxSLitBtNbwu/+0SVZol8MLOUhgKPJYsZwaaQbrxHb+jWfc9fAK2ToCR1KNEaul+DUUIyQaUhHGvdD/zUhDlWhhFO57VBpmmKyRSPad9SiQXVYb64dY4urDJCcaJsSYMW6u+JHAutZyKynQKbiV71CvE/r5+Z+DrMmUwzQyVZLoozjkyCisfRiClKDJ9Zgoli9lZEJlhhYmw8NRtCsPryOuk0vMD3gvtGvdko46jCGZzDJQRwBU24gxa0gcAEnuEV3hzhvDjvzseyteKUM6fwB87nDxMVjYg=</latexit><latexit sha1_base64="1Mne2FjuuXIKK/3FDIOZIiLyGLw=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0h60WPRi8cK9gPbUDbbTbt0dxN2N0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZelHKmje9/O5WNza3tnepubW//4PDIPT7p6CRThLZJwhPVi7CmnEnaNsxw2ksVxSLitBtNbwu/+0SVZol8MLOUhgKPJYsZwaaQbrxHb+jWfc9fAK2ToCR1KNEaul+DUUIyQaUhHGvdD/zUhDlWhhFO57VBpmmKyRSPad9SiQXVYb64dY4urDJCcaJsSYMW6u+JHAutZyKynQKbiV71CvE/r5+Z+DrMmUwzQyVZLoozjkyCisfRiClKDJ9Zgoli9lZEJlhhYmw8NRtCsPryOuk0vMD3gvtGvdko46jCGZzDJQRwBU24gxa0gcAEnuEV3hzhvDjvzseyteKUM6fwB87nDxMVjYg=</latexit>B.Z.<latexit sha1_base64="1Mne2FjuuXIKK/3FDIOZIiLyGLw=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0h60WPRi8cK9gPbUDbbTbt0dxN2N0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZelHKmje9/O5WNza3tnepubW//4PDIPT7p6CRThLZJwhPVi7CmnEnaNsxw2ksVxSLitBtNbwu/+0SVZol8MLOUhgKPJYsZwaaQbrxHb+jWfc9fAK2ToCR1KNEaul+DUUIyQaUhHGvdD/zUhDlWhhFO57VBpmmKyRSPad9SiQXVYb64dY4urDJCcaJsSYMW6u+JHAutZyKynQKbiV71CvE/r5+Z+DrMmUwzQyVZLoozjkyCisfRiClKDJ9Zgoli9lZEJlhhYmw8NRtCsPryOuk0vMD3gvtGvdko46jCGZzDJQRwBU24gxa0gcAEnuEV3hzhvDjvzseyteKUM6fwB87nDxMVjYg=</latexit><latexit sha1_base64="1Mne2FjuuXIKK/3FDIOZIiLyGLw=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0h60WPRi8cK9gPbUDbbTbt0dxN2N0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZelHKmje9/O5WNza3tnepubW//4PDIPT7p6CRThLZJwhPVi7CmnEnaNsxw2ksVxSLitBtNbwu/+0SVZol8MLOUhgKPJYsZwaaQbrxHb+jWfc9fAK2ToCR1KNEaul+DUUIyQaUhHGvdD/zUhDlWhhFO57VBpmmKyRSPad9SiQXVYb64dY4urDJCcaJsSYMW6u+JHAutZyKynQKbiV71CvE/r5+Z+DrMmUwzQyVZLoozjkyCisfRiClKDJ9Zgoli9lZEJlhhYmw8NRtCsPryOuk0vMD3gvtGvdko46jCGZzDJQRwBU24gxa0gcAEnuEV3hzhvDjvzseyteKUM6fwB87nDxMVjYg=</latexit><latexit sha1_base64="1Mne2FjuuXIKK/3FDIOZIiLyGLw=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0h60WPRi8cK9gPbUDbbTbt0dxN2N0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZelHKmje9/O5WNza3tnepubW//4PDIPT7p6CRThLZJwhPVi7CmnEnaNsxw2ksVxSLitBtNbwu/+0SVZol8MLOUhgKPJYsZwaaQbrxHb+jWfc9fAK2ToCR1KNEaul+DUUIyQaUhHGvdD/zUhDlWhhFO57VBpmmKyRSPad9SiQXVYb64dY4urDJCcaJsSYMW6u+JHAutZyKynQKbiV71CvE/r5+Z+DrMmUwzQyVZLoozjkyCisfRiClKDJ9Zgoli9lZEJlhhYmw8NRtCsPryOuk0vMD3gvtGvdko46jCGZzDJQRwBU24gxa0gcAEnuEV3hzhvDjvzseyteKUM6fwB87nDxMVjYg=</latexit><latexit sha1_base64="1Mne2FjuuXIKK/3FDIOZIiLyGLw=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0h60WPRi8cK9gPbUDbbTbt0dxN2N0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZelHKmje9/O5WNza3tnepubW//4PDIPT7p6CRThLZJwhPVi7CmnEnaNsxw2ksVxSLitBtNbwu/+0SVZol8MLOUhgKPJYsZwaaQbrxHb+jWfc9fAK2ToCR1KNEaul+DUUIyQaUhHGvdD/zUhDlWhhFO57VBpmmKyRSPad9SiQXVYb64dY4urDJCcaJsSYMW6u+JHAutZyKynQKbiV71CvE/r5+Z+DrMmUwzQyVZLoozjkyCisfRiClKDJ9Zgoli9lZEJlhhYmw8NRtCsPryOuk0vMD3gvtGvdko46jCGZzDJQRwBU24gxa0gcAEnuEV3hzhvDjvzseyteKUM6fwB87nDxMVjYg=</latexit>

Fermi sea
<latexit sha1_base64="U4gZDuX3nTYpFXjQFJZ2Me80hWk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKezmoseAIB4jmIckS5iddJIhM7PLzKwQlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqGTZZLGLdiahBwRU2LbcCO4lGKiOB7WhyM/fbT6gNj9WDnSYYSjpSfMgZtU56vEUtOTFI++WKX/UXIOskyEkFcjT65a/eIGapRGWZoMZ0Az+xYUa15UzgrNRLDSaUTegIu44qKtGE2eLgGblwyoAMY+1KWbJQf09kVBozlZHrlNSOzao3F//zuqkdXocZV0lqUbHlomEqiI3J/Hsy4BqZFVNHKNPc3UrYmGrKrMuo5EIIVl9eJ61aNfCrwX2tUq/lcRThDM7hEgK4gjrcQQOawEDCM7zCm6e9F+/d+1i2Frx85hT+wPv8AV7akA4=</latexit><latexit sha1_base64="U4gZDuX3nTYpFXjQFJZ2Me80hWk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKezmoseAIB4jmIckS5iddJIhM7PLzKwQlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqGTZZLGLdiahBwRU2LbcCO4lGKiOB7WhyM/fbT6gNj9WDnSYYSjpSfMgZtU56vEUtOTFI++WKX/UXIOskyEkFcjT65a/eIGapRGWZoMZ0Az+xYUa15UzgrNRLDSaUTegIu44qKtGE2eLgGblwyoAMY+1KWbJQf09kVBozlZHrlNSOzao3F//zuqkdXocZV0lqUbHlomEqiI3J/Hsy4BqZFVNHKNPc3UrYmGrKrMuo5EIIVl9eJ61aNfCrwX2tUq/lcRThDM7hEgK4gjrcQQOawEDCM7zCm6e9F+/d+1i2Frx85hT+wPv8AV7akA4=</latexit><latexit sha1_base64="U4gZDuX3nTYpFXjQFJZ2Me80hWk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKezmoseAIB4jmIckS5iddJIhM7PLzKwQlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqGTZZLGLdiahBwRU2LbcCO4lGKiOB7WhyM/fbT6gNj9WDnSYYSjpSfMgZtU56vEUtOTFI++WKX/UXIOskyEkFcjT65a/eIGapRGWZoMZ0Az+xYUa15UzgrNRLDSaUTegIu44qKtGE2eLgGblwyoAMY+1KWbJQf09kVBozlZHrlNSOzao3F//zuqkdXocZV0lqUbHlomEqiI3J/Hsy4BqZFVNHKNPc3UrYmGrKrMuo5EIIVl9eJ61aNfCrwX2tUq/lcRThDM7hEgK4gjrcQQOawEDCM7zCm6e9F+/d+1i2Frx85hT+wPv8AV7akA4=</latexit><latexit sha1_base64="U4gZDuX3nTYpFXjQFJZ2Me80hWk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKezmoseAIB4jmIckS5iddJIhM7PLzKwQlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqGTZZLGLdiahBwRU2LbcCO4lGKiOB7WhyM/fbT6gNj9WDnSYYSjpSfMgZtU56vEUtOTFI++WKX/UXIOskyEkFcjT65a/eIGapRGWZoMZ0Az+xYUa15UzgrNRLDSaUTegIu44qKtGE2eLgGblwyoAMY+1KWbJQf09kVBozlZHrlNSOzao3F//zuqkdXocZV0lqUbHlomEqiI3J/Hsy4BqZFVNHKNPc3UrYmGrKrMuo5EIIVl9eJ61aNfCrwX2tUq/lcRThDM7hEgK4gjrcQQOawEDCM7zCm6e9F+/d+1i2Frx85hT+wPv8AV7akA4=</latexit> Fermi sea

<latexit sha1_base64="U4gZDuX3nTYpFXjQFJZ2Me80hWk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKezmoseAIB4jmIckS5iddJIhM7PLzKwQlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqGTZZLGLdiahBwRU2LbcCO4lGKiOB7WhyM/fbT6gNj9WDnSYYSjpSfMgZtU56vEUtOTFI++WKX/UXIOskyEkFcjT65a/eIGapRGWZoMZ0Az+xYUa15UzgrNRLDSaUTegIu44qKtGE2eLgGblwyoAMY+1KWbJQf09kVBozlZHrlNSOzao3F//zuqkdXocZV0lqUbHlomEqiI3J/Hsy4BqZFVNHKNPc3UrYmGrKrMuo5EIIVl9eJ61aNfCrwX2tUq/lcRThDM7hEgK4gjrcQQOawEDCM7zCm6e9F+/d+1i2Frx85hT+wPv8AV7akA4=</latexit><latexit sha1_base64="U4gZDuX3nTYpFXjQFJZ2Me80hWk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKezmoseAIB4jmIckS5iddJIhM7PLzKwQlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqGTZZLGLdiahBwRU2LbcCO4lGKiOB7WhyM/fbT6gNj9WDnSYYSjpSfMgZtU56vEUtOTFI++WKX/UXIOskyEkFcjT65a/eIGapRGWZoMZ0Az+xYUa15UzgrNRLDSaUTegIu44qKtGE2eLgGblwyoAMY+1KWbJQf09kVBozlZHrlNSOzao3F//zuqkdXocZV0lqUbHlomEqiI3J/Hsy4BqZFVNHKNPc3UrYmGrKrMuo5EIIVl9eJ61aNfCrwX2tUq/lcRThDM7hEgK4gjrcQQOawEDCM7zCm6e9F+/d+1i2Frx85hT+wPv8AV7akA4=</latexit><latexit sha1_base64="U4gZDuX3nTYpFXjQFJZ2Me80hWk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKezmoseAIB4jmIckS5iddJIhM7PLzKwQlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqGTZZLGLdiahBwRU2LbcCO4lGKiOB7WhyM/fbT6gNj9WDnSYYSjpSfMgZtU56vEUtOTFI++WKX/UXIOskyEkFcjT65a/eIGapRGWZoMZ0Az+xYUa15UzgrNRLDSaUTegIu44qKtGE2eLgGblwyoAMY+1KWbJQf09kVBozlZHrlNSOzao3F//zuqkdXocZV0lqUbHlomEqiI3J/Hsy4BqZFVNHKNPc3UrYmGrKrMuo5EIIVl9eJ61aNfCrwX2tUq/lcRThDM7hEgK4gjrcQQOawEDCM7zCm6e9F+/d+1i2Frx85hT+wPv8AV7akA4=</latexit><latexit sha1_base64="U4gZDuX3nTYpFXjQFJZ2Me80hWk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKezmoseAIB4jmIckS5iddJIhM7PLzKwQlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqGTZZLGLdiahBwRU2LbcCO4lGKiOB7WhyM/fbT6gNj9WDnSYYSjpSfMgZtU56vEUtOTFI++WKX/UXIOskyEkFcjT65a/eIGapRGWZoMZ0Az+xYUa15UzgrNRLDSaUTegIu44qKtGE2eLgGblwyoAMY+1KWbJQf09kVBozlZHrlNSOzao3F//zuqkdXocZV0lqUbHlomEqiI3J/Hsy4BqZFVNHKNPc3UrYmGrKrMuo5EIIVl9eJ61aNfCrwX2tUq/lcRThDM7hEgK4gjrcQQOawEDCM7zCm6e9F+/d+1i2Frx85hT+wPv8AV7akA4=</latexit>

(b) Using (1), calculate σxy for the metal described above. Show that

σxy =
2νevF
B

b2(2a− c)
2a+ 2b+ c

(4)

(c) If an experimentalist measures σxy, would they measure the number of electrons in the metal? That
is, does (3) hold for σxy? Why or why not?

Problem 2 (Hall viscosity and fluid flows): Consider a fluid in the absence of an external magnetic field
or momentum relaxation, but with a non-vanishing Hall viscosity. Such a fluid could arise, for example,
in a thin film of chiral liquid crystals.

(a) Write down the coupled hydrodynamic equations for number/mass and momentum conservation
within linear response about equilibrium n = n0 and ui = 0, assuming time-independent solutions.
Show that you may write

ui = εij∂jψ (5)

and that the linearized hydrodynamic equations reduce to

∂i∂i∂j∂jψ = 0. (6)

Conclude that Hall viscosity can only modify flows by modifying the boundary conditions, and/or
can only be measured through its effects at boundaries.

(b) As an example of the effect of Hall viscosity, consider a pressure gradient applied down a long nar-
row channel of width w. Solve the hydrodynamic equations with no-slip boundary conditions, and
assuming no fluid flows through the walls of the channel. Then calculate the forces per unit length
acting on each wall of the channel, and comment on what Hall viscosity does.
Hint: we solved a (more complicated) version of this problem in the lecture notes.
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Problem 3 (Sound waves in a magnetic field): Neglecting derivative corrections to the currents (i.e.
viscosities or incoherent conductivity), write down the linearized hydrodynamic equations for charge and
momentum conservation, in the presence of a weak magnetic field. Find the dispersion relations ω(k)
for the quasinormal modes exactly (within these approximations), and describe what happens to sound
waves in a magnetic field.

Problem 4 (Spectral weight and work): Consider a many-body system with equilibrium Hamiltonian
H0, weakly perturbed by the operator O in a time-dependent manner as follows:

H(t) = H0 − h(t)O. (7)

Treat h(t) as perturbatively small, and suppose h(t) vanishes sufficiently far in the past.

(a) At times t→ −∞, ρ(t) = ρ0, the thermal density matrix. Find an expression, valid to linear order in
h, for the perturbed density matrix ρ(t) by solving the Schrödinger equation.

(b) Calculate the work done on the system per unit time, as defined by

dW

dt
=

d

dt
tr (ρ(t)H(t)) , (8)

to order O(h2). Now integrate this over time to evaluate the total work performed. Show that the
total work Wtot performed is

Wtot =

∫
dω

2π
ω|h(ω)|2Im

(
GR
OO(ω)

)
. (9)

Give a physical justification for the positivity constraint ωIm
(
GR
OO(ω)

)
≥ 0 that we derived in the

lectures notes using more rigorous arguments.
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